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Abstract 
This research applied the Near Infrared Spectroscopy (NIRS) in determination of salt content in canned sardines in oil compared 
with the traditional method which used auto-titrator. The samples were 25 cans (105g/can) of salt adjusted by adding sodium 
chloride at different levels (2, 4, 6, 8 and 10g/can) and another 5 cans were not salt adjusted. Scanning was done by FT-NIR 
spectrometer (12,500-4,000 cm-1). The model developed by partial least squares regression provided coefficient of determination, 
root mean square error of cross validation and bias of 89.99%, 0.143% and -0.003%, respectively. This indicated high possibility 
in applying NIRS. 
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1. Introduction 
The quality of sardines has to be checked during the production process for canned sardines in oil. The amount 
of salt needs is important for consumer acceptance both in the nutrition and taste point of view. The quality control 
laboratory of the factory measures the salt content of sardines by traditional method in which the amount of salt is 
titrated using auto-titrator where sodium chloride is a calibration substance and silver nitrate is a titrant. This 
approach uses chemicals, takes a long time and is difficult to measure. Near infrared (NIR) spectroscopy is a rapid, 
accurate method without using chemicals and is environmentally friendly. Previously NIR spectroscopy involved in 
measuring the amount of salt in food such as brine, dry-cured ham, hot smoked salmon fillet portions, tuna, and  
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bottled red sufu products. In case of brine (Lin and Brown, 1992), the concentrations of NaCI in aqueous solutions 
have been determined with the use of NIR spectra 1100 - 1900 nm and the models developed with linear and 
nonlinear regression could be applied for quantitative analysis of NaCl in the laboratory or can be readily adapted 
for continuous monitoring in process control. For dry-cured ham (Prevolnik et al., 2011), the samples were scanned 
in the wavelength range 400 to 2500 nm in reflectance mode. The best model for salt content and salt percentage in 
moisture/dry matter provided the coefficients of determination (R2CV) > 0.90 and the ratio of standard error of 
validation to the standard deviation (RPD) > 3.0. In case of hot smoked salmon fillet, portions of king or Chinook 
(Oncorhynchus tshawytscha) and chum (O. keta) salmon (Lin et al., 2003), the samples were scanned with short-
wavelength NIR in the wavelength range of 600 to 1100 nm in the diffuse reflectance mode. Best results were 
obtained for salt content required eight latent variables for king salmon (R2 = 0.83, SEP = 0.32% w/w) and eight 
latent variables for chum salmon (R2 = 0.82, SEP = 0.25% w/w). In case of tuna (Rittiron et al., 2011), the NIR 
model results from the FT-NIR spectrometer provided R2 = 0.9, SEC = 0.19%, SEP = 0.17%, and Bias = 0.0001 and 
the results from the FQA-NIR GUN provided R2 = 0.78, SEC = 0.23%, SEP = 0.2%, and Bias = 0.00004. In case of 
bottled red sufu products (Lu and Han, 2005), the partial least squares (PLS) method was applied to build models to 
predict the contents of salt where the reflectance spectra were obtained from both optical fiber (R2 = 0.98 and 
RMSEP = 0.28%) and integrating sphere (R2 = 0.98 and RMSEP = 0.21%) accessories. NIR has been proven to be a 
method to analyze the amount of salt in the products mentioned above. From the literature review, we have not 
found the application of NIR spectroscopy for measuring the amount of salt in canned sardines in oil. Therefore, the 
objective of this research was to do the feasibility study of evaluation of salt content in canned sardine in oil by near 
infrared spectroscopy. 
2. Materials and methods 
2.1. Canned sardines in oil samples 
The 30 cans (105 g/can) of canned sardines in oil were obtained from Thai Union Frozen Product (TUF), 
Samutsakorn, Thailand. The samples were adjusted for 6 different levels of salt content (0, 2, 4, 6, 8 and 10 g per 
can). There were 5 replicates (5 different cans) for each treatment. Each sample, including sardine and oil in the can, 
was put in a 250 ml plastic beaker and blended thoroughly and homogeneously using a homogenizer (T 25 digital 
ULTRA-TURRAX®, IKA, Germany) with a speed of 10000 rpm for 3 - 4 minutes. The blended sample was poured 
into a Petri dish for NIR scanning. 
2.2. NIR scanning 
The blended samples of canned sardines in oil were scanned with FT-NIR spectrometer (MPA, Bruker, 
Germany) in the range 12500 - 4000 cm-1 (800 - 2500 nm) in diffuse reflectance mode at resolution of 16 cm-1. The 
average of 32 scans was recorded for 1 spectrum. The scanning was done 2 times per sample. The experiments were 
carried out at room temperature (25 ± 1 °C). 
2.3. Measurement of salt content using reference method 
The 0.5 - 1 g scanned sample was put into plastic container for salt content measurement using an auto-titrator 
(T50, Metler Toledo, USA) where the 1.6987 % w/v silver nitrate solution was used as titrant. Before titration, the 
titrator was calibrated using 0.03 - 0.05 g sodium chloride in distilled water. There were 3 replicated per sample. 
2.4. Spectrum Analysis and model development 
The model development was done using partial least square regression and validated using full cross validation 
by OPUS 7.0 (Bruker, Germany). The NIR spectra used for model development were pre-treated in the following 
way; no pre-treatment, constant offset elimination, straight line subtraction, vector normalization (SNV), min-max 
normalization, multiplicative scatter correction (MSC), first derivatives, second derivatives, first derivatives + 
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straight line subtraction, first derivatives + SNV and first derivatives + MSC. The optimum model was selected 
based on the coefficient of determination (R2), root mean squared error in cross validation (RMSECV), the ratio of 
standard error of validation to the standard deviation (RPD) and the prediction bias. 
 
3. Results and discussion 
The minimum (Min), maximum (Max), mean, and standard deviation (SD) values of salt content in canned 
sardine in oil of sample set are shown in Table 1. Table 2 shows the best model for measuring the salt content of 
canned sardine in oil developed using first derivative + MSC pretreated spectra in the range of 7506 - 5446.3 cm-1 
(1332 - 1836 nm) and 5 PLS factors. According to Villar et al. (Villar et al., 2012), if the model has a number of 
factors higher than 6, the PLS model could fit spectral noise and random errors. It causes the effect known as 
overfiting. In our case, the PLS factors used to develop the model was 5. This indicated that the model was 
sufficiently robust. Fig. 1 shows the relationship between the amount of salt predicted by NIR spectroscopic method 
and the actual measured values. The coefficient of determination (R2), root mean square error of cross validation 
(RMSECV), bias and the ratio of standard error of validation to the standard deviation (RPD) of 99.73%, 0.143%, 
0.003% and 19.3 respectively. It has indicated that an R2 more than 98% implies that a model is an excellent 
prediction and can be applied to all applications (Williams, 2007). 
Fig. 2 shows a plot of the regression coefficients of the best model. The high regression coefficient peaks 
found in the plot with corresponding bond vibration are summarized in Table 3. The high regression coefficient at 
corresponding wavenumber indicated that the bond vibration at that wavenumber had a high effect on  the prediction 
of amount of salt. The highest peak was at 5624 cm-1 (1778 nm) which was C-H str. First overtone (Osborne and 
Feam, 1986). 
Fig. 3 shows a plot of x-loading weight of the first three PLS factors of the best model. The high x-loading 
weight peaks found in the plot with corresponding bond vibration are summarized in Table 3. Same as regression 
coefficient, the high x-loading weight at corresponding wavenumber indicated that the bond vibration at that 
wavenumber had a high effect on the prediction of the equation. The highest peaks were at 7220 cm-1 (1385 nm) for 
factor 1,5893 cm-1 (1697 nm) for factor 2 and 6796 cm-1 (1471 nm) for factor 3 which were the vibration of 
unknown bond, C-H str. First overtone and N-H str. First overtone, respectively (Osborne and Feam, 1986). 
Though, the wavenumber range of 7506 - 5446.3 cm-1 (1332 - 1836 nm) where the absorbance band of water was 
included (1450 nm) was used in the best model development, the water peak appeared in the regression coefficient 
plot and x-loading plot was not the highest peak. It was only a high peak in x-loading plot of factor 1. This indicated 
that the water content had less effect on the prediction of salt content in canned sardine. 
Table 1. Statistical data of the salt content of sardines in oil samples.  
Number of samples Max Min Mean SD 
30 9.254 1.385 5.319 2.785 
 
Table 2. Result of partial least square regression for salt content of canned sardine in oil validated using full cross validation. 
Pretreatment Rank Wavenumber range (cm-1) R2 RMSECV Bias RPD 
First derivative + MSC (17Pts.) 5 7506 - 5446.3 99.73 0.143 -0.00317 19.3 
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Fig. 1. Comparison of the salt content of canned sardine in oil samples predicted by near infrared (NIR) spectroscopy (Y axis)                           
and measured by Auto-titrator (X axis). 
 
Fig. 2. Regression coefficient plot of salt content adjusted samples model of canned sardine in oil. 
 
Fig. 3. X-loading plot of salt content adjusted samples model of canned sardine in oil. 
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Table 3. Bond vibration at wavenumber and wavelength with high regression coefficient and X-loading weight affected the prediction                
of salt content of canned sardine in oil (Osborne and Feam, 1986). 
Wavenumber 
(cm-1) 
Wavelength 
(nm) 
Wavelength (nm) 
(Osborne and 
Feam, 1986)  
Bond vibration Structure Source (Fig.2 and Fig. 3)  
7220 1385 - - - FC 1 
7189,7151 1391, 1398 1395 2 × C-H str.+ C-H def. CH2 FC 2, FC 3 
7081 1412 1410 O-H str. First overtone ROH FC 1 
7074 1414 1415 2 × C-H str.+ C-H def. CH2 RC 
6981 1432 1430 N-H str. First overtone CONH2 RC 
6888 1452 1450 O-H str. First overtone H2O FC 1 
6796 1471 1471 N-H str. First overtone CONHR FC 3 
6773 1476 1480 O-H str. First overtone (intramol. H-bond) glucose RC 
6572 1522 1520 O-H str. First overtone,  
N-H str. First overtone (intramol. H-bond) 
CONH2, 
ROH 
RC 
6372 1569 1570 N-H str. First overtone -CONH- FC 1 
6179 1618 1620 C-H str. First overtone =CH2 RC 
5932 1686 1685 C-H str. First overtone aromatic RC 
5893 1697 1695 C-H str. First overtone CH3 FC 2 
5624, 5616 1778, 1781 1780 C-H str. First overtone - RC, FC 1 
FC is PLS factor. RC is regression coefficient. 
4. Conclusions 
The results obtained from this study suggest that there is a possibility for the application of near infrared 
spectroscopy technique for measuring salt content in canned sardine in oil instead of traditional method, which will 
be used as a strategy to reduce plant costs in checking the quality of the product. 
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